R Y. Dykes from four sections across the axis of the Skye regional swarm have been analysed for major elements, Nb, Rb, Sr, Y, Zr, and rare-earth elements. 70 % of the dykes are characterized by relatively high CaO (I 1-12 %), and low abundance of elements such as TiO2 (,-~1%), , Zr (3o-6o ppm), with a light-rare-earth depleted chondrite normalized pattern. The remainder of the swarm comprises dykes equivalent in composition to the Skye Main Lava Series and dykes belonging to a further magma type distinguished by a flat chondrite normalized rare-earth pattern. The high-calcium, low-alkali tholeiite dykes are confined to a narrow persistent zone forming the major axis of dilation of the swarm; other basaltic dykes are axially less persistent and have a wider lateral distribution. The more evolved dykes tend to be restricted to central Skye.
names for the magma types that are specific to Skye. The Skye Main Lava Series remains as defined by Thompson et al. (I972) , except for one flow (SK97I, see below) and is considered to be a magma type in the sense described above. We propose the term 'Preshal Mhor magma type' for the distinctive low-alkali tholeiites of Skye. A third magma type will be discussed below.
FIc. i. Map showing the position of the major axis of dilation of the Skye regional swarm and of the four transverse coast sections where the dykes were sampled (adapted from Wilson et al., I974) .
Sampling of the swarm. The Skye regional swarm is about I2o km long and is centred on the Cuillin plutonic complex. The trend &the swarm is NW-SE. It outcrops in Harris, throughout Skye and Arisaig, and extends across Loch Sunart, terminating at Loch Linnhe. For the purpose of this study the dykes were sampled along four transverse sections each crossing the swarm: along the SE coast of Harris, from Rhenish Point to Geocrab; on the Vaternish peninsula (Skye), from Ardmore Point to Vaternish Point; along the SE coast of the Sleat of Skye, from the Point of Sleat to Kyle Rhea; and along the north coast of Loch nan Uamh, near Arisaig.
The total number of dykes encountered along the four traverses was 6o8. In order to reduce the chemical study to manageable proportions a sampling scheme was adopted (Table I) , which was maintained regardless of such features as width, phenocryst content, and degree of hydrothermal alteration of individual dykes. The Vaternish and Sleat sections were sampled from comprehensive sets of drill cores taken by the University of Liverpool for a paleomagnetic survey, whereas the Harris and Arisaig sections were sampled conventionally by one of the authors (D. P. M.). A few dykes of Permo-Triassic age are found both in Skye and on the mainland and every effort was made to distinguish these and omit them from the sampling scheme. Table I gives relevant sampling and field data for each of the sections.
The great majority of dykes sampled are porphyritic and only very rarely are the phenocrysts evenly distributed across the intrusion. Usually marginal aphyric zones and a central porphyritic core are developed. Where possible the dykes were sampled close to the chilled margin, as this is frequently the freshest part of the intrusion. However, the obvious sampling problems Scheme Nt make it essential that observed concentrations of dements be treated with caution, as it is difficult to assess to what degree the samples taken approach the original proportions of 'liquid+crystals' in the magma (see below). The dykes from Harris, Sleat, and Arisaig are all exposed where they are intruded into basement rocks (Lewisian, Torridonian, and Moinian). The Vaternish dykes, however, are sampled where they are intruded into the lower part of the lava pile (the Ramascaig Group).
Analytical procedure. The analytical methods used to determine major, trace, and rareearth elements are identical to those described in Wood et aL (1976, p. 242) . The analytical precision for the trace elements was monitored by analysing some of the USGS standards in parallel and is considered to be better than -4-1 ppm for Nb, 4-3 ppm for Y, 4-8 ppm for Sr, and 4-5 ppm for Zr at concentrations of IO, 30, 2IO, and 1IO ppm, respectively.
Geochemistry of the dykes
Initially 2oz dykes from all four sections were analysed for TiO~, CaO, K~O, and the trace elements Nb, Rb, Sr, Y, and Zr. The elements analysed in this initial survey were chosen to include ones such as Ti, Nb, Y, and Zr, which are considered to be relatively stable during hydrothermal alteration (Hart, 1971 ; Pearce and Cann, I973; Wood et al., 1976) . CaO was also included at this stage because the Preshal Mhor type lavas described by Thompson et al. (1972) and Esson et al. (1975) have much higher contents of CaO (Ia-~3 %) than the Skye Main Lava Series (less than I I ~ ). Subsequently 92 of those dykes were re-analysed for all the major elements. A complete list of the analytical data for all 202 dykes and specimen localities is available on request to D. P. M.
The Preshal Mhor magma type. Figs. 2 and 3 show that large numbers of dykes are similar in composition to the few known Preshal Mhor type lavas (Esson et al., I975) , and we propose, on the basis of the available data, that they should be allocated to the same magma type. The Preshal Mhor lavas were distinguished initially by their relatively high CaO contents (11-12 %) and the low total alkali concentrations. As can be seen from figs. e and 3, these features are characteristic of the magma type as a whole. However, our new data suggest that the rocks also have characteristic trace-dement ratios and a light-rare-earth depleted chondrite normalized pattern (see below). Taken together, these features allow the ready identification of the members of this magma type (Table IIa It is apparent from figs. 2 and 3 that the Preshal Mhor magma type shows a range in chemistry. We investigated initially whether this is due simply to the redistribution of phenocrysts within the dykes at the present level of exposure.
To test the hypothesis that olivine in some dykes may be accumulative we have calculated the theoretical liquidus olivine that should be in equilibrium with a representative range of rocks with varying olivine phenocryst contents (zooo point modal analyses phenocryst cores. Olivine accumulation would be detected by the calculated liquidus olivine being more magnesian than the phenocryst core, whereas it is clearly apparent that this is not so.
Plagioclase phenocrysts display a much wider modal range (o-4 ~ ~ mean 13 %). The case for plagioclase redistribution is considered in fig. 4 Other magma types. The remainder of the dykes (some 30 % of the swarm) have been compared compositionally with the Skye Main Lava Series. Table IV In thin section these dykes can be distinguished from the Preshal Mhor type dykes by the appearance of a distinctly brown or lilac-brown groundmass pyroxene containing numerous titanomagnetite inclusions. Preshal Mhor-type dykes contain a pale green ophitic pyroxene with interstitial titanomagnetite.
A search of the available analyses of Skye Lavas has found only one of a comparable composition to these dykes (SK97I, Thompson et aL, x972 ) . This flow is in the Ramascaig group near Fairy Bridge (NGz775o5) (analysis 7, Table V ). We are confident that this lava and 29 dykes represent a distinct magma type for which we propose the name 'Fairy Bridge', and representative analyses of this magma type are shown in Table V Table II1 ) suggests that olivine removal alone cannot be responsible for the internal variation shown by the group and even extreme removal (or addition) of plagioclase can only account for some of the scatter about the trend, not the trend itse] f FIG. 5 (right) . Rare-earth patterns of samples chosen to represent the limits of variation of each magma type (symbols as in fig. 2 ). The Fairy Bridge magma type dykes have patterns that fall within the shaded area and cannot be produced from Preshal Mhor type parents as a result of crystal/liquid processes involving olivine and plagioclase.
It is now possible to return to the problem of the inter-relationship of the different magma types. Variation within the Preshal Mhor magma type appears to be the result of the fractionation, at comparatively low pressure, of olivine and plagioclase in approximately their observed phenocryst proportions. This fractionation has no effect on the Ti/Zr ratio of the magma, which remains constant at about i2o ( fig. 3a) , as neither of these elements enter the precipitating phases in significant quantities. On this basis only the Fairy Bridge basalts could conceivably be considered as possible low-pressure derivatives of the Preshal Mhor magmas. However, in order for this to be so, the shapes of chondrite normalized rare-earth element patterns for the two magma types would have to be the same, which they are not (see below). 
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Rare-earth geochemistry. The rare-earth elements were determined on 43 dykes from the Sleat section. The complete data are available on request to D. P. M. Limiting examples of each magma type are shown in fig. 5 . All the dykes belonging to the Preshal Mhor magma type have a light-rare-earth depleted chondrite-normalized pattern. In contrast, the basalts belonging to the Fairy Bridge magma type have a flat or slightly light-rare-earth enriched chondrite normalized pattern, which is quite distinct (shaded area, fig. 5 ). The partitioning of the rare-earth elements into olivine and plagioclase is so slight that the fractionation of these phases in the amount observed as phenotrysts will have little or no effect on the shape of the patterns. As noted above, the patterns on fig. 5 demonstrate why the Fairy Bridge magma type cannot be the product of fractionation of the observed phenocrysts from the Preshal Mhor type.
The Skye Main Lava Series dykes show varying degrees of light-rare-earth enrichment, with La/Sm increasing from I'2 for the by-normative basalts to 3"o for the mugearites and benmoreites. These patterns are quite distinct from those of the other two magma types.
Spatial geochemistry. Fig. 6 is a histogram showing the occurrence of Preshal Mhor type dykes along the 3o km Sleat of Skye section. It can be seen that these dykes are strongly concentrated in the centre of the section, where crustal dilation also reaches a maximum (Speight, 1972) . Data from the other sections (Table VI) more restricted in their occurrence and are found only in central Skye. As a result the proportion of Preshal Mhor type dykes increases away from the Skye plutonic centre along the axis of the swarm ( fig. 7) . The bulk of the Preshal Mhor type dykes have clearly been injected within a relatively narrow zone that defines the axis of maximum crustal extension for the swarm as a whole.
Conclusions
Three main conclusions have been drawn from this study: Dykes of the Preshal Mhor magma type make up over 7o % of the total swarm. Lavas of this type are now rare in Skye, but clearly the production of this magma type must have been substantial. Unless the Preshal Mhor type dykes failed to reach the surface to form flows, lavas of this type must have been abundant in the missing upper part of the pile, which may have been as much as I5OO m thick (P. M. King, personal communication), although only 7oo m is preserved at present (Anderson and Dunham, 1966) .
A second result of this study is the recognition of three compositionally distinct basaltic magma types, which are all well represented in the Skye regional dyke swarm. These comprise a group chemically equivalent to the extruded Skye Main Lava Series, the Preshal Mhor magma type, and the hitherto unrecognized Fairy Bridge magma type. We have attempted to show that when a wide variety of elemental abundances and ratios are considered together then these magma types may be defined unambiguously. It is not clear at this stage what the exact genetic relation is between the three magma types; however, they cannot be related by the accumulation or fractionation of the observed phenocryst phases.
The three magma types appear to be systematically distributed forming a compound dyke swarm, but to what degree a mantle-controlled distributional pattern has been modified by the stress field operating in the upper part of the crust is not evident. The injection of the Preshal Mhor type dykes, as a result of a higher degree of partial melting, would probably be associated with the emplacement of the central intrusive complex. This is supported by the fact that Preshal Mhor type dykes have been found to cut the Skye granite complex (Mattey, unpublished data) and that results from the theoretical analyses of stress trajectories (I. R. Vann, personal communication) indicate that the majority of dykes were injected in association with such a central intrusive complex.
Similar high-calcium low-alkali olivine tholeiite dykes (Preshal Mhor magma type in Skye) are found elsewhere in the Scottish-Irish Tertiary igneous province; in Antrim (Patterson, I955), Arran (J. V. S. Turner, personal communication), Carlingford (T. HalsaU, personal communication), and Mull (Lamacraft, r976 ) . Comparative analyses from some of these areas are given in Table VII , along with similar rocks from Iceland and the Mid-Atlantic Ridge. It has already been noted that there is a strong resemblance between the Skye high-calcium, low-alkali olivine tholeiites and mid-oceanic ridge basalt types (Esson et al., I975) . The lightrare-earth depleted rare-earth element patterns ( fig. 5 ) and low abundances of the large-ion lithophile elements in the Preshal Mhor-magma type further emphasize this similarity. The occurrence of high-calcium, low-alkali tholeiites at several of the other Tertiary igneous centres suggests that the style of magmatic events beneath Skye may be of a more general nature. Furthermore, the strong resemblance between Thulean high-calcium, low-alkali tholeiites and basalts that are erupted at constructive plate margins also suggests that there were genuine, but abortive, attempts to produce oceanic crust within the Scottish-Irish Tertiary igneous province.
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